Purpose. To compare the outcomes of intramedullary Kirschner wire versus screw and plate fixation for unstable forearm fractures in children aged older than 10 years. Methods. Records of 32 children aged 10 to 15 (mean, 12) years with displaced fractures of the radius and ulna were retrospectively reviewed. 17 boys and 4 girls underwent intramedullary Kirschner wiring, whereas 10 boys and one girl underwent plating. All patients had been initially treated with closed reduction and casting. Indications for surgical intervention were fractures with angulation of >10° and total displacement. Patients were followed up for a mean of 24 (range, 13-40) months. Angulation and range of movements of the elbow, wrist, and forearm, as well as clinical and cosmetic results were compared. Results. Both treatments achieved excellent clinical outcomes, but intramedullary Kirschner wiring resulted in better cosmesis, shorter operating times, easier hardware removal, and lower implant costs. Conclusion. Intramedullary Kirschner wiring is a better option than plating for the treatment of unstable forearm fractures in older children.
INTRODUCTION
Forearm fractures are common in children, especially those aged ≥10 years. 1 Most can be treated conservatively with closed reduction and cast immobilisation, because of rapid healing and remodelling of angulations in children. 2 Surgical intervention is required when satisfactory reduction cannot be achieved or maintained. [3] [4] [5] Fixation using plate and screw, 6 intramedullary nail, 7, 8 elastic stable intramedullary nail, 9 single bone nail, 10 single bone plate, 11 and pins and plaster 12 have all been reported to be effective. The results of intramedullary nailing versus plating for unstable forearm fractures have also been compared. [13] [14] [15] We aimed to compare the outcomes of intramedullary Kirschner wiring with plating for unstable forearm fractures in children aged older than 10 years. Operations were performed by 3 surgeons, each of whom chose the fixation technique independently. All patients had been initially treated with closed reduction and casting. Indications for surgical intervention were fractures with angulation of >10° and total displacement ( Fig. 1 ), including irreducible fractures, refracture, unacceptable reduction, and unmaintainable fractures.
MATERIALS AND METHODS

Records
In the plating group, fracture fragments were reduced and fixed with at least 6 screws ( Fig. 2) using the standard 2-incision technique. Early mobilisation was started at day 10 after soft-tissue healing. In the intramedullary Kirschner wiring group, stainless steel Kirschner wires (1.5-2.5 mm in diameter) were used according to the intramedullary canal width of the ulna and radius ( Fig. 3) . A mini incision of <3 cm was made at the level of olecranon apophysis. An ulnar pin was placed in an antegrade fashion and a radial pin in a retrograde fashion via Lister's tubercle proximal to the physis. Pins were then cut and bent and left below the skin. Affected arms were kept in a long-arm cast for 3 weeks, followed by a short-arm cast for 2 weeks to enable elbow and forearm rotational movements. Pins were removed in outpatient clinics under local anaesthesia at a mean of 3 months after the surgery.
All patients were followed up until bone union, based on radiology (formation of callus and consolidation) and clinical findings (no tenderness and pain). At the final follow-up, angulation and range of movements of the elbow, wrist, and forearm were measured. Clinical outcome was graded according to Price et al. 16 ( Table 1 ). Cosmesis were classified according to patient satisfaction ( Table 2) .
Categorical variables were compared using the Pearson Chi squared test, whereas continuous variables were compared using the Mann-Whitney U test. A p value of <0.05 was considered statistically significant.
RESULTS
All patients had excellent clinical outcomes, except one in the plating group with good result but a supination loss of 15º. No patient had restriction of elbow or wrist movements. Patient characteristics and outcomes in the 2 groups were compared (Table  3 ).
In the respective plating and intramedullary Kirschner wiring groups, cosmesis was excellent in 2 and 14 patients, acceptable in 6 and 5, and poor in 3 and 2. Cosmeses were superior (p=0.03), operating times were shorter (100 vs 69 minutes, p<0.001) and implant costs were much lower (US$350 vs $25, p<0.001) in the latter group. Angulations in the ulna or radius were not significantly different. All patients achieved bone union; the mean union times were similar. Only one patient in the latter group had delayed union (until 16th week).
Six patients had superficial wound infections that resolved with oral antibiotics. No patient had a deep infection or osteomyelitis. Three complications occurred in the intramedullary Kirschner wiring group. In one patient the radial pin was buried in the radial metaphysis and could not be reached. It was extracted through a cortical hole. One had neuropraxia of the radial nerve for 3 months but recovered completely. One developed permanent paraesthesia of the dorsum of the hand, corresponding to the area of the dorsal cutaneous branch of the radial nerve.
DISCUSSION
Most forearm fractures in children can be successfully managed with closed reduction and casting. Surgical intervention is needed when reduction cannot be achieved or maintained. 17 Adequate initial reduction is particularly important in older children, because of high complication rates following revision surgery for malunion and a decrease in spontaneous correction rates for deformities. 18 In a fresh cadaveric study, angulations of >10º in the ulna or radius resulted in a major supination and pronation loss. 19 Anatomic reduction is not absolutely necessary in children because of their remodelling capacity. Remodelling is patient sensitive and affected by age and fracture location; it decreases with more proximal fractures and with increasing age. 5, 20 In a study using closed reduction for forearm fractures in children, results were excellent in all patients younger than 10 years; in those older, 9 of 14 failed. 21 In another study, however, all 25 older children (mean age, 13 years; range, 9-16 years) achieved full range of movement of the forearm despite residual angulation. 22 Although treatment modalities and acceptable levels of malalignment remain controversial, there is a consensus that fracture angulation of >10º is not acceptable in patients older than 10 years and requires surgery. 3, 5, 20, 23 Both intramedullary Kirschner wiring and plating are successful treatment modalities 7, 8 and have advantages and disadvantages. Rotational stability is difficult to maintain with intramedullay Kirschner wiring, especially in older children (because of the larger intramedullary canal width). Plating provides a much more stable osteosynthesis. 24 Despite shorter immobilisation periods needed for plating, full range of elbow and wrist movements can be achieved in both modalities. Clinical outcomes are not associated with anatomic reduction, as a full range of movement may be attained despite residual malalignment. Other factors such as fibrosis of the interosseous membrane may play a role in the clinical outcome. 22 Kirschner wires can be left transcutaneously or buried beneath the skin. Keeping Kirschner wires transcutaneously for a long period increases the risk of infection, but decreases the refracture rate. 25 Bending and burying the Kirschner wire beneath the skin avoids migration and facilitates removal in an outpatient setting. Elective removal of plates carries a high risk of nerve injury because of difficulty in identifying the nerve in the presence of adhesions and fibrosis. 26 Refractures occurred in 19% 27 and 26% 28 of patients after plate removal. In our study, 3 patients had plate removal, neither refracture nor nerve injury occurred, but the cosmesis were poor. Besides excellent clinical results after both techniques, the following complications have all been reported: refracture, synostosis, malunion, nonunion, infection, compartment syndrome, nerve injury, and poor cosmesis. 4, [13] [14] [15] [29] [30] [31] In our study, both surgical techniques achieved similar clinical outcomes. However, intramedullary Kirschner wiring was a better treatment for unstable forearm fractures in skeletally immature patients older than 10 years. Its advantages included better cosmesis (shorter incision scars), shorter operating times (because of simpler technique), easier hardware removal, and cheaper implant costs. [13] [14] [15] Our study has limitations. It was retrospective, confined to limited numbers of patients (some of whom were lost to follow-up), and the operations were performed by different surgeons. Randomised clinical trials are needed to provide evidence-based findings.
